Introduction
Oceania is a region of tropical and sub-tropical islands in the Pacific where one quarter of the population is impoverished placing them at increased risk of several neglected tropical diseases (NTDs) (Kline et al., 2013) . Among others, lymphatic filariasis (LF) and soil-transmitted helminthiasis (STH) are particularly widespread in the region (WHO, 2015) . The epidemiology and importance of Strongyloides stercoralis (SS) infection, however, is not well-known, (Kline et al., 2013; Olsen et al., 2009 ) outside of Australia (Miller et al., 2014) , Papua New Guinea (Viney et al., 1991; Igra-Siegman et al., 1981) and the Solomon Islands (Pattison and Speare, 2008) .
Parasite Epidemiology and Control 1 (2016) [263] [264] [265] [266] [267] Abbreviations: NTDs, neglected tropical diseases; LFlymphatic filariasis; STHsoil-transmitted helminths; SSStrongyloides stercoralis; TAStransmission assessment survey; BCBaermann concentration; PCR, polymerase chain reaction.
⁎ 
Contents lists available at ScienceDirect
Parasite Epidemiology and Control j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / p a r e p i
With the 4th largest population in Oceania (Fiji Bureau of Statistics, 2015) , some 835 K Fijians reside mostly on two major islands, Viti Levu and Vanua Levu, out of the 100 or so currently inhabited. Throughout Fiji there has been a long history of interventions against LF and STH (WHO, 2015) . However, typical of other islands in the vicinity, given the warm and humid climate and often-inadequate sanitation, the occurrence of Strongyloides stercoralis (SS) infection is likely (Muller, 2002) but not well known. Previous parasitological surveys have attempted to determine the general prevalence of STH but since insensitive diagnostic methods were used, such as direct faecal smears (Lott, 1980) (Jansen et al., 1991) , all geohelminthes infections have likely been under reported, especially SS infections. However, several clinical cases of SS infection in travellers or migrants from Fiji have been reported and point towards existing on-going transmission (Coulter et al., 1992) , which needs to be affirmed locally.
To shed light on the occurrence of SS infections on Fiji, our study aimed to pilot epidemiological assessments by taking advantage of the existing national LF and STH programme evaluation activities, rather than conducting a stand-alone initiative. We detailed how a transmission assessment survey (TAS) for LF and STH survey provided a convenient access opportunity to determine the extent of SS infection in school-aged children.
Material and methods
The survey was conducted in Western Division, which is a drier western half of the Fiji's Viti Levu (Fig. 1) . The areas is further classified ecologically into Lowland dry zone in the western half, and Lowland intermediate zone in the east (FAO, 2016) . Annual mass drug administration (MDA) using albendazole and diethylcarbamazine citrate for LF was conducted from 2001 to 2009, resulting in a very low prevalence (b1%) in the survey conducted in 2007 (unpublished data, Ministry of Health). This warranted the 1st TAS in 2011 revealing one positive child for LF antigen in serum, and subsequently the 2nd TAS was planned for 2014 which forms the access opportunity for this investigation. Since 2010, annual albendazole distribution targeting school-aged children was also started in the surveyed area as part of National Micronutrient Supplementation Programme together with ferrous sulphate tablets administration, but its nationwide coverage was 32% in 2013 and considered low (Vasu, 2015) .
There are 249 primary schools registered at the Ministry of Education in the Western Division, and 77 schools were systematically selected for the 2nd TAS, using Survey Sample Builder (The Task Force for Global Health, Georgia, USA). Furthermore 30 schools were sub-sampled for STH, 10 schools per each of 3 ecological zones (10 urban and rural in western dry zone and 10 in intermediate), following the World Health Organization's guidelines (World Health Organization, 2011) . The spatial coordinates of each school were recorded by a hand-held GPS unit (e-trex, Garmin Ltd., Kansas, USA) in decimal degrees.
Prior to finger-prick for LF antigen testing, grade 1 and 2 student, who are born between 2007 and 2008, were asked to submit stool containers with their fresh morning stool Then stool samples were transported to the national parasitology reference laboratory, using cooler boxes. The BC method (Stothard et al., 2008) was applied for the detection of SS larvae for all stool samples arrived at the lab during 3 days specifically designated for the SS surveillance. To save BC processing time, between 4 and 8 stools were pooled and examined simultaneously. Seeking a wider appraisal across the Western Division, a selection of samples identified positive for all geohelminthes by coproscopy together with a systematic sub-sample (every 10th negative samples) were filtered through a 212 μm metal sieve and preserved in 95% ethanol, then transported to the Netherlands for molecular diagnostics of SS using real-time PCR, as this was not locally available in Fiji. Parasitic-specific DNA was detected in faecal samples as described previously (Verweij et al., 2009; Verweij and Stensvold, 2014) .
Results
A total of 111 faecal samples were examined using BC as a set within 19 pooled samples. Multiple SS larvae were found in one sample, out of a pooled batch comprised of 7 stool samples from school 6 (see Fig. 1 ). When BC was performed with each of 7 samples within that batch, we identified one stool sample positive with the SS larvae ( Table 1) . The infected child, a 6-year boy, was subsequently followed-up in an effort to ascertain the clinical manifestations. The child did not present with abdominal pain, diarrhoea, cough, urticaria or pruritus nor sign of malnourishment, wheezing or skin abnormality. Also laboratory tests indicated no eosinophilia or anaemia. This child was judged to be asymptomatic for SS infection, and treatment with albendazole was administered at 400 mg, once per day, for 7 days. Parents of the child were interviewed and stool samples from his family members, including 4 siblings, were tested using BC. None was found infected upon these examinations.
Discussion
To shed light on the geographical distribution of SS infection, altogether 173 faecal samples from children of 30 schools in Western Division were tested by real-time PCR. In total, 6 samples (2 from grade 1 and 4 from grade 2 students) were positive for SS, including one identified by BC, at schools across the Western Division (Fig. 1, school 6, 14, 21, 26, and 29) and overall prevalence of SS infection was 3.5% (Table 1) .
Having a full appraisal of SS infection in the Oceania region continues to be problematic due to present diagnostic difficulties in both operational and reference diagnostic settings (Kline et al., 2013) . Previously, there were only three studies in Fiji with limited focus on SS during 1960 to 1980 (Lott, 1980) , (Jansen et al., 1991) . In 1966, a survey in a rural area of Naitasiri, Central Division reported SS prevalence levels of 3% among villagers of 7 villages (Jansen et al., 1991) , with differences in ethnic groups. A much higher prevalence level was reported in a survey undertaken in a village near Rewa river, with a SS prevalence level up to 50% among Fijian ethnicity of all ages groups (Jansen et al., 1991) . Lastly a study that covered 60 school children (age 5-15) on the island of Ovalau, Eastern Division using unstained smears, reported the SS prevalence of 13%, equally in girls and boys (Lott, 1980) .
In this study, we have found that SS infection exists among 1st and 2nd grade school children in 3 different eco-zones of the Western Division using BC and real-time PCR (Fig. 1) . General prevalence of SS infection is estimated to be up to 3.5% and we believe the infection is endemic (N 1%) in the areas (Muller, 2002) . In light of this, some 1.5 K children are likely to be infected with SS, but it may be possible that the actual burden of the infection is greater, considering a poor diagnostic sensitivity from a single stool sample (Mirdha, 2009 ).
Whilst the infected child encountered during this survey cannot be considered symptomatic, management of asymptomatic SS is recommended since the infection may persist for many years without appropriate drug treatment (Mirdha, 2009) . Considering that treatment with albendazole is lengthy and shows variable results, the preferred option would be single dose administration of ivermectin (Marti et al., 1996) . However, most of these potential cases will not have opportunities of being treated, since the country is not endemic for onchocerciasis, ivermectin is not included in the Essential Medicines List. We encourage that the health authorities in Fiji reconsider their Essential Medicine List with the hope of making ivermectin treatment available in future.
Our study has several limitations. The actual SS prevalence could have been higher as we had examined a single stool sample per student rather than consecutive 3 day samples (Mirdha, 2009) , and also through pooling of samples rather than being analysed individually may have decreased diagnostic sensitivity. As it was the first time that BC was performed, we mainly opted to secure its maximal feasibility in a local laboratory setting by applying it to several batches of the sample. Furthermore, only samples received during the specifically designated 3 days were examined with BC owing to the logistic constraints in the field, limiting the coverage of the schools surveyed. The SS prevalence could have been more precise if we had covered more number of schools. Regarding the sampling strategy for real-time PCR, we were able to include 20% of the all available stool samples, among which half of them were systematically selected. Inclusion of another half was based on the need of confirmative diagnosis, thus the level of representativeness might have been lower in these samples. This may be less robust, depending on the level of clustering and heterogeneity of geo-helminthes infections in the area (Smith et al., 2015) . However, we have included them based on the fact that the prevalence estimates in two groups do not differ statistically. In summary, we were able to shed new light on the distribution of SS infection across the island by using the LF TAS/STH survey which provided a practical platform to integrate SS surveillance. Using species-specific diagnostic tools such as BC or real time PCR and archiving stool samples could be helpful to find further future synergy within the TAS/STH survey sampling framework (Chu et al., 2014) .
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